The effect of synthetic lipid A analogs on murine spleen cells was studied. The preparations represented D-glucosamine and D-glucosaminyl-1l,6-D-glucosamine disaccharide derivatives substituted in different combinations by ester-and amide-bound fatty acids and by phosphate groups. Significant mitogenic activity was demonstrated with a number of synthetic disaccharide preparations; however, their potency was lower than that of lipid A. The synthetic preparations were not mitogenic for spleen cells from C3H/HeJ mice. Furthermore, the mitogenicity of the synthetic preparations was abolished after binding with polymyxin B. The results indicate that for expression of mitogenicity, a phosphate group at position 1 of the reducing glucosamine and amide-bound acyloxyacyl residues are important factors. Some of the synthetic preparations containing the diglucosamine backbone and expressing relatively low mitogenicity suppressed B-cell mitogenicity of lipid A. Although these preparations were lytic for erythrocytes, they did not affect the viability of the splenic lymphocytes. Suppression was seen when the synthetic preparations were added simultaneously with or after the lipid A mitogen, but optimal suppression was expressed when the preparations were added to the system 3 h before lipid A. Washing of the cells before the addition of lipid A did not affect the results. The suppression was not due to the induction of suppressor cells by the synthetic preparations. The disaccharide preparations did not inhibit T-cell mitogenicity of concanavalin A. In contrast to the disaccharide preparations, the monosaccharide preparations suppressed mitogenicity of both lipid A and concanavalin A, probably because of their direct toxicity for lymphocytes.
In a previous study (23) synthetic lipid A analogs were tested for several endotoxic activities, and some were found to express pyrogenicity, lethal toxicity, and anticomplement activity. None of them was active in the Limulus gelatin test. In the present work, the action of the synthetic preparations on murine spleen cells was studied. Lipopolysaccharides exert a wide range of effects on the immune system. They are known to act as potent B-cell mitogens (1-3, 8, 20, 22) , and it is generally accepted that lipid A is responsible for this activity (2, 3, 19, 22) . We tested the B-cell mitogenic activity of the synthetic lipid A analogs to determine possible structure-activity relationships. During these investigations it was found that some synthetic preparations suppressed the mitogenic activity of natural lipid A and that some preparations would lyse erythrocytes and/or be toxic for lymphocytes. The studies described here were performed with either the original synthetic preparations or, in the case of insolubility, with the succinylated derivatives.
MATERIALS AND METHODS Materials. Salmonella minnesota S and Re lipopolysaccharides, free lipid A from S. minnesota Re (6, 7) , the synthetic lipid A analogs (10) (11) (12) , and the succinylated derivatives are described in an accompanying paper (23) . The structures and designations of the synthetic preparations are shown in Fig. 1 of that paper (23) .
Preparation of cells. Spleen cells from female BALB/c or C3H/HeJ mice (6 to 10 weeks old) were pressed through a wire grid and suspended in Iscove modified Dulbecco medium containing L-glutamine and HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (GIBCO Laboratories, Grand Island, N.Y.) supplemented with penicillin * Corresponding author.
(100 U/ml) and streptomycin (100 ,ug/ml). The cell suspension was washed three times with the medium.
Cell culture and assay of mitogenicity. Cells were cultured in Iscove medium as described above on microplates (Falcon Plastics, Oxnard, Calif.) at 37°C with 10% CO2. Each well sham International Ltd., Amersham, England) was added. After 24 h the cultures were harvested (multiple sample harvester; Skapron A. S., Lierbyen, Norway), collected on glass fiber filters (Titertek, Uxbridge, England), and washed with distilled water. The filters were dried and transferred to scintillation tubes. Xylol-based scintillation fluid (0.4 ml) was added, and radioactivity was measured in a scintillation spectrometer (TriCarb; Packard, Instrument Co., Inc., Rockville, Md. 25 12.1 ± 2.9 3.9 ± 0.6 318 orig ++ 3 2.2 ± 1. tivity. The other synthetic lipid A analogs, including the monosaccharide derivatives, showed suppressive activity, but to different degrees. Suppression was also observed with high amounts of natural lipid A (compare Fig. 1 ) and its succinylated form (data not shown).
As shown in Fig. 4 , the T-cell mitogenic activity of ConA was not suppressed by the synthetic disaccharide preparations up to a concentration of 100 ,ug/ml. In contrast, the monosaccharide preparations expressed strong suppression of the mitogenicity of ConA.
The effect of varying the time of addition of the synthetic preparations relative to the addition of lipid A to the cultures was studied. Lipid A (10 ,ug/ml) was added to the culture at time zero, and the synthetic preparations (100 [xg/ml) were added at -3, 0, 3, 24, and 48 h. Four samples, disaccharide preparations 321 and succinylated 302 and monosaccharide preparations 318 and succinylated 313, were tested. The results are shown in Fig. 5 . Addition to the spleen cells of preparations 302 and 321 3 h before the addition of lipid A was most effective in suppressing mitogenicity. The results were not changed when the cells were washed before the addition of lipid A. The effects were smaller when the preparations were added after lipid A, and at 48 h no suppression was observed. In contrast, monosaccharide preparations 318 and succinylated 313 showed at all times of addition a strong suppression of lipid A mitogenicity, and similarly, the mitogenicity of ConA was abolished. In the latter system, disaccharide preparation 321 had no effect at any time of addition (data not shown). To examine whether the synthetic lipid A analogs would induce the formation of suppressor cells, spleen cells were preincubated with the synthetic preparations and the effect of these cells on normal spleen cells was tested. Succinylated preparations 302 (100 ,ug/ml) and 313 (10 ,ug/ml) were incubated for 3 h with spleen cells, and the cells were washed with medium. (15, 28) complexed with bovine serum albumin (17a) or after dispersion by ultrasonication (17 Kotani et al. (17) . These authors found, e.g., that preparation 313 was a fairly active mitogen, whereas in our hands this preparation could not be tested because of its insolubility; it became soluble after succinylation, but then it was highly cytotoxic. Preparation 303, which was insoluble in our hands and inactive according to Kotani et al. (17) , became soluble and active when converted into the triethylammonium form. Preparation 316 was active in both studies. The significance of solubility and state of aggregation for biological activities of endotoxins has been stressed previously (6) .
In the course of these investigations, some synthetic preparations were found to suppress the mitogenic response of B cells to lipid A. Optimal suppression was obtained in the case of disaccharide preparations when they were added to the spleen cells 3 h before the addition of lipid A. In contrast, the monosaccharide preparations suppressed lipid A mitogenicity at all times of addition to the system. To determine whether the synthetic preparations would suppress lipid A mitogenicity specifically, they were tested as inhibitors of the mitogenic response of T cells to ConA. It was found that the disaccharide preparations did not interfere with the ConA system; in contrast, the monosaccharide preparations did suppress ConA mitogenicity.
Further studies revealed that most of the synthetic preparations represented strong hemolysins, and one of the mono- 
